W&M ScholarWorks
Dissertations, Theses, and Masters Projects

Theses, Dissertations, & Master Projects

2011

The Effects of Socially-mediated Exposure to Ethanol on the Selfadministration of Ethanol in Adolescent Rats
Maria Markhelyuk
College of William & Mary - Arts & Sciences

Follow this and additional works at: https://scholarworks.wm.edu/etd
Part of the Psychology Commons

Recommended Citation
Markhelyuk, Maria, "The Effects of Socially-mediated Exposure to Ethanol on the Self-administration of
Ethanol in Adolescent Rats" (2011). Dissertations, Theses, and Masters Projects. Paper 1539626995.
https://dx.doi.org/doi:10.21220/s2-vw0j-4918

This Thesis is brought to you for free and open access by the Theses, Dissertations, & Master Projects at W&M
ScholarWorks. It has been accepted for inclusion in Dissertations, Theses, and Masters Projects by an authorized
administrator of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu.

The Effects of Socially-mediated Exposure to Ethanol on the Self
administration of Ethanol in Adolescent Rats

Maria Markhelyuk
Greensboro, North Carolina

Bachelor of Arts, Georgetown University, 2007

A Thesis presented to the Graduate Faculty
of the College of William and Mary in Candidacy for the Degree of
Master of Arts

Department of Psychology

The College of William and Mary
August, 2011

APPROVAL PAGE

This Thesis is submitted in partial fulfillment of
the requirements for thedegree of
Master of Arts

Maria Markhelyafk

Approved by the Committee, July, 2011

Committeb'Chair
Professor Pamela Hunt, Psychology
The College of William and Mary

Associate Professor Joshua Burk, Psychology
The College of William and Mary

(/

3or"Catherine Tco restell, Psychology
The College of William and Mary

COMPLIANCE PAGE

Research approved by

Institutional Animal Care and Use Committee

Protocol number(s): IACUC-2009-10-07-6925

Date(s) of approval: 10-07-2009 to 10-06-2011

ABSTRACT PAGE

The present series of experiments extends earlier work in which early social learning about
ethanol w as shown to m oderate ethanol intake in periadolescent and preweanling rats. In
the preceding studies, young rats exposed to a brief period of interaction with an
intoxicated sibling significantly increased their voluntary ethanol consumption relative to
controls. In the current investigation, the formerly used model w as modified to examine
whether preweanlings would retain socially acquired information about ethanol into
adolescence. Preweanling rats received repeated social exposure to ethanol cues in the
home cage for five consecutive days. In Experiment 1, subjects underwent a two-bottle
preference test in which they were offered unrestricted ac ce ss to water and 6%v/v ethanol
for 24 hours on postnatal day (PD) 30. It w as found that the adolescent rats that received
social interaction with intoxicated siblings during infancy consum ed a higher percentage of
ethanol than controls. These results provide additional support for the long-term effects of
socially-mediated postnatal experiences with ethanol. In Experiments 2a and 2b, we
examined the social transference of ethanol preferences in term s of operant behavior, but
did not find that hom e-based exposure to ethanol odor cues during infancy impacts the
operant self-administration of ethanol in adolescents. This research suggests that these
two models of self-administration may not a s se s s the sam e types of processes that are
involved in ethanol intake and initiation, at least not to the sam e extent. Alternatively, it is
possible that the operant procedure may be sensitive enough to detect differences in
ethanol self-administration between ethanol-exposed observers and controls, but that
different procedural circum stances would be necessary to capture such an effect.
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The Effects of Socially-mediated Exposure to Ethanol on the Self-administration of
Ethanol in Adolescent Rats
The association between early-onset adolescent ethanol1 use and the emergence of
ethanol-related problems in adulthood has been well-documented in past literature (e.g.,
Newcomb & Bentler, 1986; Chou & Pickering, 1992; Grant & Dawson, 1997; Pitkanen,
Lyyra, & Pulkkinen, 2005). Moreover, nationwide epidemiological surveys and studies of
smaller populations show that ethanol consumption is widespread among adolescents and
continues to be a leading public health concern in the United States (Johnston, O’Malley,
Bachman, & Shulenberg, 2006). According to the 2003 Youth Risk Behavior Survey
(CDC, 2003), 28% of a national sample of high school students initiated drinking ethanol
before the age of 13. The same survey showed that adolescents in this group were 7 times
more likely to engage in binge drinking at least 6 times in a given month than those who
did not experiment with ethanol until after the age of 17. Such an early onset of initiation
to ethanol is also associated with a lifetime dependence on the substance. Of the people
who began drinking before the age of 14, 47% became dependent, compared with 9% of
those who began drinking after the age of 21 (Hingson, Hereen, & Winter, 2006).
Given the existing concern about unhealthy ethanol use among adolescents and its
potentially severe consequences, it is important to direct research efforts toward
uncovering the contributing factors of this behavior. Genetic precursors have been widely
implicated in the etiology of ethanol abuse in adolescents, but do not fully account for its
occurrence (e.g., Heath & Martin, 1988; Koopman & Boomsma, 1996; Prescott et al.,
1994). Moreover, it has been found that environmental factors are stronger predictors of
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frequent drinking in early adolescence than genetic factors, a pattern that seems to reverse
during the middle and late adolescent period (Rose, Dick, Viken, & Kaprio, 2001).
Researchers who study the experiential determinants surrounding this issue often focus
on the more immediate and direct causes of adolescent drinking, such as ease of attaining
the substance, peer acceptance and encouragement, and parental monitoring (Zucker,
Donovan, Masten, Mattson, & Moss, 2008). However, attention needs to be shifted
toward indirect factors that emerge and exert their influence earlier in development.
These conceivably tacit, yet salient, precursors may be present before an individual’s first
encounter with ethanol and may notably shape one’s learning, expectations, and reactions
toward the drug.
A valuable and productive line of research that has sprung up in the past decade
addresses the contributive role of prenatal ethanol exposure in subsequent trajectories of
early ethanol misuse (Fernandez-Vidal &Molina, 2004). These studies demonstrate that
ethanol-related problems during adolescence may be predicted by maternal ethanol use
during pregnancy (Baer, Barr, Brookstein, Sampson, & Streissguth, 1998; Yates,
Cadoret, Troughton, Stewart, & Giunta, 1998). In addition to studies on fetal ethanol
effects in humans, a recent wave of experimental studies conducted with rodents has
helped build on the hypothesis that recurrent sensory experiences with ethanol during the
fetal, infancy, and early childhood periods can have a critical impact on early-onset
ethanol consumption (for a review see Spear & Molina, 2005).
This kind of exposure to the non-consumptive chemical properties of ethanol can
occur through various means and significantly affects an organism’s subsequent
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responsiveness to the substance. For example, both human and rat offspring whose
mothers consume ethanol during pregnancy are sensitive to ethanol odor during fetal
development and exhibit a heightened response to the drug postnatally (Faas, Sponton,
Moya, & Molina, 2000; Molina, Chotro, & Dominguez, 1995). Other manners of
exposure include traditional customs accompanied by ethanol and medicinal practices in
which the substance is utilized as an antiseptic or sedative after birth (Spear & Molina,
2001). Also, when parents drink frequently, the presence of ethanol odor may become a
stable component of their children’s environment and reinforce future responses toward
the scent. In this manner, it was found that children displayed more play behaviors with
ethanol-scented toys if their parents were heavy drinkers (Mennella & Beauchamp,
1998).
Due to the ethical limitations posed by the experimental manipulation of ethanol
exposure in humans, researchers have turned to animal models as a more direct means of
examining the underlying mechanisms that foster the relationship between early learning
about ethanol and later drinking behavior. Animal models have been found to provide a
cost-effective method for examining how ethanol intake in young rats is influenced
through social stimuli in the environment (Spear, 2000). In order to manipulate the
likelihood of ethanol self-administration by rats, researchers have relied on a time-tested
approach adapted from a paradigm developed by Galef and colleagues to study the social
transmission of diet preferences in rodents (e.g., Galef, 1990). The observer-demonstrator
paradigm has continually been used to study the establishment of food preferences in rats
through social interaction; they detect a food’s odor on the breath of a conspecific
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recently fed that food and their preferences are enhanced for this odor (Galef & Whiskin,
1995; Galef, Lee, & Whiskin, 2005). Furthermore, it has been found that weanling rats
are more sensitive to this social learning effect likely because they depend more on social
interaction for diet selection than adult rats (Galef, 1977).
Hunt et al. (2000, 2001) have implemented the observer-demonstrator approach in
a series of experiments in order to examine the social transmission of ethanol-related
information in young rats. Given ethanol’s salient olfactory component, it was possible to
demonstrate a similarly robust preference transmission effect between intoxicated rats
and their same-age siblings. In two of these experiments, preweanling rats were allowed
brief periods o f interaction with siblings previously administered ethanol and were
immediately tested for ethanol intake. Here, ethanol was delivered directly into the oral
cavity of the observers via an intra oral cannula, and the amount of ethanol ingested was
estimated on the basis of weight gained during the test. It was shown that preweanlings
exposed to ethanol odor cues through social interactions with their siblings ingested two
to three times as much ethanol as controls that were given no prior ethanol exposure.
Galef and Stein (1985) have confirmed that odor cues embody the diet-related component
that allows for the social transmission of preferences to occur between rats. Hunt, Lant,
and Carroll (2000) also demonstrated that 12-day-old rats retain information from this
type of exposure for up to 6 days if given several interspersed interactions with
intoxicated siblings in the home cage.
The ability to demonstrate that the acquisition of ethanol preferences is subject to
the same forces as the process of diet selection has greatly contributed to our
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understanding of the environmental predispositional factors that contribute to ethanolseeking behavior in rats. Studies that have investigated this behavior have moved away
from a strict focus on simulating alcoholism to assessing the positive and negative
motivational effects of ethanol (Cunningham, Fidler, & Gill, 2000). In humans, these
effects contribute to the complex causes of ethanol use and abuse by influencing the
impetus to continue consuming ethanol or to increase its intake over time (Tabakoff &
Hoffman, 1988). The drug’s positive motivational effects, for example, may enhance
mood or alleviate anxiety by producing elation and euphoria, which can increase an
individual’s motivation to drink more ethanol. Its negative motivational effects, however,
either produce a decrease in pleasurable states or exacerbate an already unpleasant state
brought on by nausea or depressed mood. Both of these negative consequences can
reduce the motivation to drink more ethanol. It can be argued that how an individual
responds to these motivational effects can determine whether moderate drinking will
develop into excessive ethanol consumption (Cunningham, Fidler, & Gill, 2000).
Studies of ethanol self-administration that have been used to directly measure
ethanol motivation and seeking have traditionally involved home cage preference tests or
operant conditioning. Theoretical arguments have distinguished between the “appetitive”
and “consummatory” processes of ethanol self-administration, which may be captured by
the methods above to different extents (Samson & Hodge, 1996). Appetitive processes
are argued to be directly related to ethanol-seeking and are said to “motivate and direct
behavior towards sources of alcohol” and “influence the initiation of alcohol
consumption” (Cunningham, Fidler, & Hill, 2000, p. 87). Consummatory processes, on
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the other hand, interact with appetitive processes once drinking has been initiated to
maintain or terminate consumption. While both processes are presumably implicated in
ethanol self-administration experiments involving two-bottle preference tests in the home
cage, this type of method tends to focus more on the process of consumption because the
response measure is recorded in terms of the volume of ethanol consumed. On the
contrary, experiments that feature operant self-administration allow for more of a focus
on appetitive processes, where lever pressing can be used as a measure of ethanol-seeking
that is somewhat distinct from ethanol consumption. Since animals’ access to a specified
amount of ethanol is dependent on a certain response and the amount dispensed at any
one time is very small (e.g., .01 ml), this method may allow researchers to assess the
initial motivational effects of ethanol without too much interference from its postabsorptive motivational effects (e.g., sedation, intoxication).
Furthermore, it has been argued that ethanol self-administration in a two-bottle
choice test does not predict ethanol self-administration in an operant task (George, 1990;
Wilson, Neill, & Costall, 1997; Koros, Kostowski, & Bienkowski, 1999). In Koros et al.
(1999), for example, a prior history of drinking ethanol in the home cage did not correlate
with the initiation or maintenance of operant behavior for ethanol in adult male Wistar
rats. However, McCool and Chappell (2009) found that male Long-Evans rats housed in
isolation for six weeks during adolescence increased both ethanol (10% v/v) consumption
in a home cage continuous access (5 consecutive days) two-bottle choice test and leverpressing forl0% v/v ethanol from a sipper tube in an operant paradigm. Nevertheless,
there is a paucity of information in the literature regarding the relationship between
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ethanol consumption in a two-bottle self-administration test and operant behavior
reinforced by ethanol. Therefore, little is known about whether these two tasks measure
the same or different types of processes and behaviors.
The current series o f experiments builds on Hunt et al.’s (2000) studies in order to
examine the effect of socially-mediated preweanling home-cage exposure to ethanol odor
on two different routes of ethanol self-administration in adolescent rats. It seems that
little work has been done on operant ethanol self-administration in adolescent rats, with
the only documented instance known being Tolliver and Samson (1991). In this set of
three experiments, 25- and 31-day-old Long Evans rats had access to 10% v/v ethanol as
the only fluid in the home cage for various time periods (3, 10, and 18 days) before they
were trained to lever-press for the same concentration of ethanol. It is difficult to
conclude whether previous forced ethanol consumption in the home cage impacted
response patterns on the operant task since there was no control group, but animals in all
three experiments failed to maintain lever responding for ethanol once they gained free
access to a specified volume of water (up to 50 ml) in the home cage.
In the present study we hoped to replicate the previously obtained social
transmission effect of early exposure to ethanol from Hunt et al. (2000) and examine
whether this effect impacts operant responding in a similar manner as responding on
preference measures. Specifically, we aimed to investigate whether rats can (1) remember
socially-transmitted information about ethanol past the early postnatal period into
adolescence and (2) exhibit increased ethanol seeking in an operant paradigm as a
consequence of early social learning about the substance.
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Experiment 1
Adolescent (30- to 35-day-old) rats have been tested for ethanol intake using the
observer-demonstrator paradigm (Hunt, Holloway, & Scordalakes, 2001); however, in
this research animals were tested for socially-mediated increases in intake immediately
after the animals received social exposure to ethanol cues from intoxicated siblings.
Therefore, it has yet to be determined whether social exposure to ethanol odor cues that
takes place during an earlier stage of development, such as the preweanling period, will
impact consumption in adolescence. Furthermore, in the aforementioned experiments,
periadolescent rats were offered coffee and ethanol in a two-bottle preference test. Naive
animals exhibit an equal dislike for the two substances; therefore, a test that incorporates
a fluid that is preferred by the animals would allow for a more robust examination of the
social transmission effect. Consequently, Experiment 1 includes a two-bottle choice test
with water and more closely models continuous home-based exposure to ethanol-related
cues than previous experiments (cf., Hunt et al., 2000). We hypothesized that observers
that received exposure to ethanol odor cues in the home cage as preweanlings would
ingest more ethanol during the two-bottle choice test than observers that did not receive
this type of exposure.
Method
Subjects. The subjects were 66 Sprague-Dawley-derived rats (demonstrators:
21 male, 23 female; observers: 11 male, 11 female) that comprised 11 different litters. All
animals were bred and housed in the psychology department vivarium of the College of
William and Mary in a temperature-controlled animal holding room, which was
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maintained on a 14:10 hr light: dark cycle. Breeders were acquired from Charles River
Labs (Wilmington, MA), paired and housed in 50.8 x 40.6 x 21.6 cm clear polycarbonate
cages, provided with wood chip bedding, and allowed unrestricted access to high-protein
rodent chow (LabDiet Formula 5008) and water. Pups’ dates of birth were recorded as
postnatal day (PD) 0. After birth, litters were standardized to include 8-10 pups and only
litters containing 10 pups were chosen for this experiment. All procedures utilized in this
experiment were approved by the College of William and Mary Institutional Animal Care
and Use Committee.
Procedure.
Intragastric Intubations. On Postnatal Day (PD) 8, four of the pups from each
litter were randomly selected to serve as demonstrators, while two of the remaining pups
would later be designated as observers. All the pups from each litter were transported
together in holding chambers with wood chip bedding to the procedure room where pups
that were designated as demonstrators were intragastrically administered either ethanol or
water in the following manner on PD8-12. The demonstrators were weighed with an
Ohaus balance (Model TS2KS) accurate to .01 g. Then, the demonstrators from half of
the litters were administered a 1.5g/kg dose of 12% v/v ethanol, while the demonstrators
from the remaining half of the litters were administered an equal volume of tap water.
The intubations were performed with a 1-ml syringe attached to polyethylene tubing (PE10). Demonstrators and observers from each litter were once again transported together
from the procedure room to the holding room and returned to the home cage, where they
were allowed to continue interacting.
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Two-Bottle Choice Test. After PD12, intubations were complete and subjects
remained in their home cages until separation on PD 21, at which point they were housed
in cages separate from the breeders. On PD 28, two demonstrators (1 male, 1 female) and
two observers (1 male, 1 female) were removed from each litter and housed individually
in hanging cages with food and unrestricted access to water. They remained undisturbed
for one day in order to become acclimated to their new housing conditions. On PD30, the
animals were weighed and the water bottle on each cage was replaced with two graduated
cylinder tubes. One contained water and the other contained a 6% v/v ethanol solution,
which was diluted in water. This marked the beginning of each two-bottle choice test,
which was started at 13:00hrs for each litter. Twenty four hours after the start of the
choice test, experimenters replaced the two graduated cylinders with one water bottle,
and animals were placed back on their regular diet. The volume in each tube from the
two-bottle test was recorded before and after the test session. Left and right side bottle
placement was counterbalanced across animals. Water spilled from one bottle during the
24-hour test period for one animal; hence, one female observer control animal was
excluded from analysis.
Results
Although 22 of the 44 demonstrators (10 male, 12 female) were included in the
two-bottle choice test as described above, they were dropped from the analysis because
the experimenters concluded that the observers that interacted with demonstrators that
received water provided a sufficient control group. Therefore, animals in the two
observer conditions (water and ethanol) served as the main focus of the present analysis.
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Demonstrators’ weights obtained during the intragastric intubation procedure on
PD 8-12 were averaged and analyzed using a 2 (condition: water vs. ethanol) x 5 (day of
intubation) mixed analysis of variance (ANOVA). There was a main effect of day of
intubation, F(4, 168) = 1160.00, p < .001, but there was no main effect of condition or
interaction between condition and day. As follows, all animals gained weight every day
of the procedure as expected (Table 1), weighing an average of 23.35 g at the start of the
procedure on PD8 and 33.09 g on the last day of intubation on PD12.
Observers weighed an average of 117.59 g (SEM= 4.51) at the beginning of the
ingestion test (PD30). A weight comparison between conditions showed that the ethanol
group (M= 119.82, SEM = 5.19) did not differ significantly from the control group (M=
114.91, SEM= 7.98), t(2Q) = .53, ns. Weights were also analyzed by sex and it was found
that male observers (M= 131.02, SEM= 6.54) weighed significantly more than female
observers (M= 104.16, SEM= 2.60) at the start of the two-bottle choice test, ^(20) = 3.82,
p = .001.
It was found that observers in the ethanol exposure condition consumed a
significantly higher percentage of ethanol relative to total fluid intake than controls, t(19)
= 1.76 ,p = .05, one-tailed. As shown in Figure 1, the mean percentage of ethanol
consumed relative to total fluid intake by ethanol observers (M= 30.45%, SEM= 8.27, n
= 12) was more than twice the mean percentage of ethanol consumed by controls (M =
12.60%, SEM= 3.69, n = 9). When intake data were expressed in terms of the total
volume of ethanol ingested (in ml), ethanol observers consumed significantly more
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ethanol (M= 7.17 ml, SEM= 1.89) than controls (M = 2.65 ml, SEM= 0.70), 7(20) =
2.08,/? = .05, two-tailed (see Figure 2).
Ethanol intake was also expressed as dose (g/kg) and quantities ingested by the
subjects ranged from 0.24 - 7.28 g/kg. Additionally, ethanol observers ingested a 2.54
g/kg mean dose of ethanol (SEM= 0.66), while controls ingested a 1.07 g/kg dose on
average (SEM= 0.31); the difference reached statistical significance, 7(20) = 1.90, p =
.035, one-tailed.
There were no significant differences in ethanol intake between males and
females in terms of volume, percent of total fluid consumed, or dose. However, Hunt et
al. (2001) found that periadolescent observer males consumed a higher volume of ethanol
than females when immediately tested after social exposure. In accordance with previous
results (Hunt et al., 2001), subjects in both exposure conditions consumed equal total
volumes of fluid (M = 24.14 ml, SEM= 1.07), 7(19) = -0.02, ns. However, our results
showed that males ingested 5.33ml more of total fluid than females on average, 7(19) =
2.93,/? = .01. While the mean volume of water consumed did not differ significantly
between the two conditions, 7(19) = -1.33, ns, controls’ water intake was 4.37 ml higher
than ethanol observer water intake on average.
Discussion
The results obtained in this experiment expand a steadily growing body of
findings that confirm the contributive role of passive social influences (Graham, Marks,
& Hansen, 1991) in early-onset ethanol consumption. As indicated by the significant
increase in the percentage and volume of ethanol intake in the ethanol-exposed observers

EFFECTS OF SOCIALLY MEDIATED ETHANOL EXPOSURE

13

relative to controls, socially-induced learning about ethanol is sufficiently potent to
modify the extent of an initial bout of drinking in adolescent rats. In a previous
experiment (Hunt et al., 2001), 30- to 35-day-old observer rats interacted with
demonstrators previously administered water, ethanol, or coffee during 30-minute
sessions in pairs, and were immediately tested for ethanol vs. coffee intake in a 24 hr
two-bottle choice test. Ethanol-exposed observers ingested approximately 28 ml of
ethanol, or a 9.45 g/kg dose, consuming four times the volume of ethanol ingested by the
experimental (observer) group in the current experiment. Perhaps the magnitude of the
social transmission effect in the present study was not as striking because animals were
tested 18 days after the last ethanol-odor exposure and not immediately after social
interaction, suggesting that the effect may have dampened over time. However, rats from
all three conditions in Hunt et al. (2001) were fluid deprived for 24 hours before testing,
and overall ingested a much higher volume of fluid than the subjects in our experiment.
These findings combine with those from similar studies (for a review see Hunt &
Hallmark, 2001) to show that rats exhibit the capacity for this type of learning by
postnatal day 8, a time during the preweanling period when the dam still acts as the
primary source of diet-related information. In these previous experiments, 8-, 12-, and
16-day old rats were tested for ethanol intake via 5-minute intra-oral cannula infusions
immediately after social interaction with the demonstrators. During this intake procedure,
ethanol is delivered via an implanted intra-oral cannula that is connected by tubing to an
infusion pump. The administered volume of ethanol can either be swallowed or rejected
by the animals, which are too small to drink from a bottle, and therefore cannot be tested
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with a two-bottle preference test. The ethanol-exposed preweanlings tested in this manner
accepted a higher volume of ethanol than animals in the current study, as measured by
percentage body weight gained (% BWG); however, the present test shows that sociallyacquired information about ethanol can be retained past such an early stage of
development and into adolescence. Additionally, ethanol intake in a two-bottle preference
test more closely resembles making a choice to drink ethanol and is more voluntary than
intake in the intra-oral cannulation procedure.
Furthermore, the present experiment demonstrated that increased ethanol intake in
adolescent subjects can be observed when the alternative fluid is water. Previous studies
from our lab have seen increased ethanol intake when the alternative was an unpreferred
coffee solution (Hunt et al., 2001). A stronger test of ethanol preference was thus
demonstrated here. Subjects were not choosing between two solutions that are equally
disliked, but instead chose to ingest ethanol even when the alternative available was
water.
Experiment 2a
In the preceding experiment, we examined how early exposure to ethanol odor in
the home cage alters ethanol consumption in adolescent rats. In Experiment 2 we hoped
to demonstrate that this type of exposure also impacts adolescent rats’ ethanol seeking in
an operant paradigm. If previous indirect experience with ethanol impacts ethanol’s
ability to reinforce non-drinking behavior (lever-pressing) in adolescent rats, then it may
be possible that the social transmission effect influences preparatory behaviors involved
in ethanol seeking, and not only the consummatory behaviors of ethanol drinking. Also,
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the former may be difficult to directly assess in non-operant choice tests (Koros et al.,
1999). Because voluntary-intake self-administration tests may be confounded by
ethanol’s positive and negative reinforcing qualities during ingestion, testing procedures
that minimize the animals’ exposure to these components may provide a more accurate
measure of ethanol seeking, particularly the kind that is more driven by initial motivation
to seek out the substance (Fernandez-Vidal & Molina, 2004). Furthermore, the
experimental group in Experiment 1 ingested a relatively high dose of ethanol during the
ingestion test (2.54 g/kg), so ethanol’s pharmacological properties may have played an
important role in motivating and maintaining intake. For these reasons, we chose to
implement an operant self-administration task instead of a two-bottle choice test during
the evaluation phase in Experiment 2. We hypothesized that ethanol-exposed observers
would exhibit higher levels of lever-pressing for ethanol than controls.
Method
Subjects. The subjects were 60 Sprague-Dawley-derived rats (demonstrators: 20
males, 20 females; observers: 10 males, 10 females), representing 10 different litters. The
animals were 8 days old at the beginning of the experiment. All animals were bred and
housed according to the same conditions as in Experiment 1.
Apparatus. All operant testing took place in four standard operant chambers
(ENV-008-VP, MED Associates, St. Albans, NY) located in a different room in the
vivarium. Each chamber was surrounded by a sound attenuating wooden cubicle and was
equipped with a stainless steel grid floor, a house light, a retractable response lever
(ENV-112BMX), and a water dipper. The lever was located to the left of the water
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dipper, which was programmed to dispense 0.01 ml of liquid after a fixed number of
lever presses. The testing chambers were operated by a computer interface (COM-103AGP, MED Associates). Data were recorded by the computer with MED-PC-IV software.
Procedure. This experiment involved the same intubation procedure that was
utilized in Experiment 1. After the last intubation was complete, animals were left
undisturbed in their home cages until weaning on PD 21, at which point they were housed
separately from the breeders. They were left undisturbed for an additional three days until
separation, which occurred on PD 25. During this stage, two observers (1 male, 1 female)
were removed from each litter and were housed individually in hanging cages with
unrestricted access to food. Each cage was labeled with a card that indicated the sex of
the animal, exposure group, and training box. The animals were gradually placed on a
water restriction schedule. They were water deprived for 24 hours on PD 25, received
access to water for 2 hours on PD 26-27, and were allowed to have water for 1 hr on PD
28-29. Water was placed on cages at the same time each day.
Operant training began on PD 30, and animals received water for 30 minutes
following each training session. Four subjects were trained at one time and were
transported to the operant training room together in the same plastic bin, which contained
wooden shavings. During the first phase of operant training, animals were trained to press
a lever for water on a FR1 reinforcement schedule. Water was dispensed with a water
dipper that was programmed to deliver water every time a lever was pressed. Each
session lasted for 60 min. Once an animal completed at least four days of water training
and reached a response rate of 100 lever presses on two consecutive sessions, ethanol
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training began. Approximately 50-70 ml of a 6% v/v ethanol solution, which was
measured before and after the session in order to calculate the volume of ethanol ingested
during each training session, was poured into the trough inside each cubicle. Animals
were trained with ethanol during 1 hour daily sessions for three consecutive days and
were maintained on an FR1 schedule. The total number of level presses was recorded by
MED-PC IV software and was manually transcribed at 30 and 60 minute intervals during
each session.
Results
Two male observer animals were dropped from the study because they did not
reach criteria for lever-pressing. An additional male observer’s data was not included in
some of the analyses due to a data recording error.
Demonstrator weights were obtained everyday of the intragastric intubation
procedure (PD8-12) and analyzed in order to ensure that animals gained weight every day
at a normal rate and did not lose a significant amount of weight due to dehydration. We
found that the demonstrator animals gained weight daily (see Table 2); they weighed an
average of 23.34 g (SEM= 0.57) on PD8 at the start of the intubation procedure and
32.95 g (/SEM= 0.71) on PD12 at the end. A 2 (condition: water vs. ethanol) X 5 (day of
intubation) mixed ANOVA was performed on these data and yielded a main effect of day
F(4, 152) = 1047.89, p < .001, but no main effect of condition, as expected. We also
found a significant interaction between day and condition, F(4, 152) = 331, p = .01, but
post hoc t-tests did not reveal any significant differences in weight on any given day
between conditions.
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Weights were obtained for observers at the beginning of ethanol operant testing
on PD30. Observer animals weighed an average of 102.89 g (SEM= 5.13) at the
beginning of ethanol testing. Observers in the ethanol condition weighed 105.47 g (SEM
= 5.92) and controls weighed 99.58 g (SEM= 9.22) at this time, with no significant
differences found between the two groups when means were analyzed with an
independent samples t-test, t( 16) = 0.58, ns. Male (M= 109.99, SEM= 9.79) and female
observers (M= 97.14, SEM= 4.67) also did not differ significantly in terms of weight at
the start of ethanol testing according to results obtained with an independent samples ttest, t(16) = 0.22, ns.
Animals required 4 to 9 60-minute water training sessions (M= 5.4, SEM= 0.4)
to reach a consistent lever response rate of at least 100 level presses on two consecutive
training sessions. On the last day of water training, subjects in both exposure conditions
produced a mean response rate of 603.9 lever presses per session (SEM= 43.6). There
were no significant differences in the number of water training sessions required to reach
consistent lever pressing, ^(16) = 0.13, ns, or in the rate of response produced on the last
day of water training between the two exposure groups, t{\6) = 0.32, ns. Although
females required one more day for water training than males on average, and males
produced 107.4 (SED = 86.3) more lever responses than females on the last day of water
training, no significant differences were found with regard to these variables between
males and females, t( 16) = 1.25, ns. Also, we did not observe any sex differences on any
other relevant variables such as amount o f ethanol lever pressing (30- and 60-minute
sessions), ethanol dose, or ethanol volume ingested (see Table 4). Overall, animals
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maintained high rates of bar pressing for water and ethanol for the duration of the
experiment (see Figure 3).
Differences in the total amount of lever pressing for water and ethanol during the
training sessions were analyzed using a 2 (exposure condition) x 4 (day: water, three days
of ethanol) mixed ANOVA. Analysis yielded a significant main effect of day, F(3, 48) =
4.14, p = .011. There was no effect or interaction with exposure condition. The day effect
was followed up using matched samples t-tests. The general trend observed in both
exposure groups for lever pressing was a substantial decrease in response after the initial
transition to ethanol [£(17) = 2.16,/? = .046], which continued through the last day of
ethanol testing (see Figure 3). As animals in both groups transitioned from pressing
levers for water (60-minute training sessions) to pressing levers for ethanol, the mean
response rate decreased by 102.1 (SED = 39.5) lever presses, but the difference in mean
response was not statistically significant between groups, £(16) = 0.76, ns.
Since animals executed most of their lever presses during the first 30-minutes of a
given testing session, we also analyzed differences in lever-pressing for ethanol during
first half of the test sessions. A 2 (exposure condition) x 3 (ethanol day) mixed ANOVA
revealed a main effect of exposure [F(l, 15) = 4.68, p = .05], but no main effect of day or
significant interaction between day and exposure. Post-hoc independent samples t-tests
showed that there was significant difference in lever responding during the first 30minutes of the third FR1 ethanol session between groups, with the ethanol group
producing 123.9 (SEM= 44.1) more lever responses than controls, £(15) = 2.81, p = .013,
two-tailed (see Figure 4). We did not find any significant differences in lever-pressing
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between groups during the second 30-minutes of any given training session (see Figure
5).
The volume of ethanol displaced from the troughs during operant self
administration was measured at the end of each 60-minute testing session. Although the
experimenter randomly observed animals during testing in order to check whether they
were drinking ethanol from the dispenser after executing a lever press, it was not possible
to observer animals during the entire sessions. It is possible that not every lever press was
necessarily associated with ingestion of ethanol. Therefore, we conducted correlation
analyses in order to determine whether high amounts of lever-pressing actually correlated
with higher amounts of ethanol volume displacement. We found a significant positive
correlation between the total number of lever responses executed during the first day of
ethanol testing and ethanol volume displaced from the trough (in ml), r(16) = 0.48,/? =
.05. Data obtained from the second and third day of ethanol testing yielded similar
results. Lever-pressing was positively and significantly correlated with estimated ethanol
volume consumed on the second and third day of ethanol self-administration, r(15) =
0.49,/? = .05 and r(15) = 0.59,/? = .01, respectively. However, we did not obtain a
significant correlation when we correlated the amount of lever pressing with the dose of
ethanol consumed (in g/kg) during the first, second, and third session of operant training
with ethanol, r(16) = 0.22, ns; r(15) = 0.26, ns; and r(15) = 0.39, ns, respectively.
Because the calculation of dose is based on the volume ingested, this result is curious and
defies explanation at this time.
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Animals were estimated to receive between 1.0-11.0 ml of ethanol during the first
testing session (M= 6.56, SEM= 0.60), between 2.0-10.0 ml during the second testing
session (M= 5.22, SEM= 0.48, and 4.0-10.0 ml during the third session (M= 6.12, SEM
= 0.43). We performed a 2 (exposure) x 3 (ethanol day) mixed ANOVA on the volume
data, but did not find a main effect of day [F(2, 30) = 1.61, ns] or exposure [F(l, 15) =
1.50, ns]. The interaction between day and exposure also did not reach statistical
significance \F(2, 30) = 1.52, ns]. The mean dose of ethanol ingested (g/kg) was
calculated for each testing session and remained relatively steady during the course of
training, with mean doses for the first, second, and third ethanol testing session reported
as 2.88 g/kg (SEM= 0.28), 2.28 g/kg (SEM= 0.18), and 2.69 g/kg (SEM= 0.16),
respectively. A 2 (exposure) x 3 (ethanol day) mixed ANOVA was performed on the
dose data. There was no main effect of day [F(2, 30) = 1.77, ns] or exposure [F(l, 15) =
0.21, ns], and no significant interaction between these two variables [F(2, 30) = 1.53, ns].
Discussion
Animals required only a few days of training to reach consistently high levels of
lever pressing. The mean number of days required to reach lever-pressing criteria was
similar to how long the adolescent animals in Tolliver and Samson (1991) took to learn
the response. Also, animals in their study averaged 37.9 responses and 1.97 g/kg of
ethanol intake during 30-minute operant sessions when 15 ml of water was available in
the home cage. Since this is the only known precedent for lever-pressing in adolescent
rats that we could reference, we did not expect to obtain such elevated response levels in
the present experiment. It is possible that our animals were more dehydrated and
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therefore prone to hyper responding. In Tolliver and Samson (1991), animals decreased
responding when more water was introduced into the home cage, diminishing the stress
that may have been induced by the initial water restriction. Thus, in the current
experiment, the water restriction conditions may have generated stress which may have
contributed to the high levels of responding. Also, the animals in the present experiment
were placed in the same container while being transported from the home cage to the
operant training room after they had been isolated in individual hanging cages for over a
week. The sudden opportunity for social interaction may have produced a rebound effect
(Martin & Caro, 1985). A rebound effect occurs when animals that were previously
deprived of play markedly increase their social interaction when reunited with peers. This
effect may have also contributed to the animals’ hyperactivity in the operant chambers.
Therefore, it is possible that animals pressed at a very fast rate and may not have ingested
the ethanol from the dipper at every possible opportunity. Also, some lever presses may
not have resulted in ethanol intake because the dipper does not immediately rise after
each lever press, as there is a slight delay. Several lever presses may thus have occurred
prior to the raising of the dipper and subsequent reinforcement.
Animals tended to decrease responding after the introduction of ethanol perhaps
because the substance was aversive to them, or at least novel. However, animals in the
ethanol group maintained slightly higher response levels for ethanol throughout all three
days of testing. At first, ethanol-exposed animals and water controls did not seem to
respond to ethanol differentially to any significant degree. However, upon a closer look,
the ethanol observers produced a significantly higher number of lever responses to
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receive ethanol as a reward during the first 30-minutes of testing and when all 60 minutes
of testing were taken into account on the third day of ethanol self-administration. The
overall pattern of response was generally similar for both groups across all days of
training and they did not seem to ingest different amounts of ethanol, whether expressed
by volume or dose. We have to interpret these results with caution and cannot determine
whether early exposure to ethanol odor in infancy contributed to the observed difference
in operant responding for ethanol on the last day of testing.
Interestingly, the ethanol observers in this experiment consumed a similar mean
volume and dose of ethanol across the three days of ethanol testing (6.3 ml and 2.69 g/kg,
60-minute sessions) as the ethanol observers in the ingestion test in Experiment 1 (7.17
ml and 2.54 g/kg). Controls in Experiment 2a, however, consumed more (5.53 ml and
2.53 g/kg) ethanol than the controls in Experiment 1 (2.65 ml and 1.07 g/kg). We cannot
directly compare these results between the two experiments. However, it is interesting to
note that even though the ethanol group did not emit significantly more operant responses
for ethanol than controls during the first and second days of testing in Experiment 2a,
these animals ingested almost as much ethanol as the animals that received the same
ethanol exposure condition as preweanlings in Experiment 1. However, in Experiment 2a,
this early exposure did not seem to exert any influence on the difference in ethanol intake
between groups. On the last day of operant testing, although the two conditions differed
in terms of operant responding for ethanol, the difference in intake did not reach
significance, indicating that operant responding for ethanol did not perfectly match up
with ethanol consumption. If early ethanol exposure did play a role in the adolescent
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operant responding, but failed to differentially influence ethanol intake, then it may have
been possible to make a case for the distinction between appetitive and consummatory
processes involved in ethanol self-administration. Although we cannot be sure of the
exact volume and dose of ethanol consumed by the animals during operant training due to
the limitations of the equipment, the correlation analyses demonstrate that higher levels
of lever pressing did predict higher levels of intake in terms of volume on average animals that emitted more responses also consumed more ethanol.
Although we obtained preliminary data on FR3 and FR5 with some of the animals
in this experiment, there was insufficient data to conduct a complete analysis. In
Experiment 2b, a higher concentration of ethanol and FR3 and FR5 reinforcement
schedules were introduced in order to determine whether it would be possible to elicit a
stronger effect of early ethanol exposure on lever-pressing for ethanol if the ethanol was
made slightly more aversive (increasing concentration) and animals were forced to exert
more effort to receive ethanol (FR3 and FR5 schedules). The water restriction schedule
was also modified in order to decrease any confounding added by dehydration.
Experiment 2b
Experiment 2b also assessed the effect of preweanling exposure to ethanol odor
on operant responding for ethanol during adolescence. We hoped to find a stronger effect
than in Experiment 2a by slightly modifying the procedure. Although we used the same
intubation procedure as in Experiments 1 and 2a from PD 8-12, we made several changes
to the operant self-administration procedure that began on PD 30. Once again, we
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hypothesized that ethanol observers would engage in more lever-pressing for ethanol than
controls.
Method
Subjects. Subjects comprised 88 Sprague-Dawley-derived rats (44 demonstrators,
22 males; 44 observers, 22 males) and were obtained from 11 different litters. Animals
were 8 days old at the beginning of the experiment. Given that some animals in
Experiment 2a did not exhibit the lever response after several training sessions, we
selected two extra animals from each litter as a precaution against dropout cases although
only two were absolutely needed (1 male, 1 female). Subjects were bred and maintained
according to the same conditions as in Experiments 1 and 2a.
Procedure. Subjects underwent the same intubation procedure as in Experiments
1 and 2a, in which demonstrators were intragastrically administered a daily 1.5 g/kg dose
of ethanol (or water) before being replaced in the home cage with the observers. Weaning
took place on PD21, during which all the offspring were housed separately from the
breeders. The experiment was changed from the previously used procedure (Experiment
2a) in several ways. On PD 25, four observers (2 males, 2 females), instead of two, were
separated from their littermates and housed in individual hanging cages with unrestricted
access to food. Although the water restriction schedule that was used in Experiment 2a
from PD25 through PD29 was repeated in this experiment, beginning on PD30, water
bottles were also placed on the animals’ cages in the mornings for ten minutes at
approximately lOOOhrs. This was done to ensure that animals were not severely
dehydrated before operant testing with the assumption that severe dehydration may have
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contributed to the hyper level response rate observed in Experiment 2a. Operant training
with water (FR1) commenced on PD30, but training sessions were shortened to 30
minutes because the results of Experiment 2a showed that this was a sufficient time
period for the animals to acquire and exhibit high response rates. In order to transition
from water to ethanol as the reward, animals were required to complete four (30-minute)
training sessions and to press above 100 on two consecutive sessions. One training
session was administered at approximately the same time each day (1400hrs).
The same apparatus was used for operant training as in Experiment 2a. However,
animals were transported to the operant training room in separate containers with wood
chip bedding. This was done to maintain the isolation conditions and to prevent
hyperactivity and social interactions from having any impact on the animals’ activity in
the operant chambers. Once animals attained the criteria lever response rate, the reward
was changed from water to 10% v/v ethanol. Given that such high levels of response
were obtained in Experiment 2a, we hoped that increasing the concentration of ethanol
from 6.0% to 10.0% (v/v), thus making the solution more aversive to the animals, would
elicit a more pronounced social transmission effect on lever pressing and a differential
response in the two exposure conditions. Animals were trained on an FR1 response
schedule for the first three days of ethanol training and then transitioned to FR3 and FR5
on the fourth and fifth day, respectively. Lever responses were manually recorded at the
end of each training session. In addition to the water received in the mornings, animals
were also given water for 30 minutes after each training session.
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Results
Four observer animals were dropped from the study because they failed to learn
the response in the allotted number of sessions. Data obtained from the males or females
that were acquired from the same litter were averaged, resulting in 20 separate data points
(10 ethanol observers and 10 water observers) that were included in the final analyses.
Once again, we obtained and analyzed weights for the demonstrators that were intubated
in the first phase of the experiment (PD8-12) in order to ensure that animals did not suffer
from significant dehydration and were gaining weight daily. We observed a normal
weight gain pattern in these animals throughout the procedure (see Table 3). The
demonstrators weighed 22.61 g (SEM =0.55) on PD8 at the start of the intubation
procedure and 32.20 g (SEM= 0.59) on PD12 at the end. A 2 (condition: ethanol vs.
water) X 5 (day of intubation) mixed ANOVA was performed on the demonstrator
weight data. We found a main effect of day, F(4, 164) = 1032.81 ,p < .001, but no main
effect of condition, and no significant interaction between day and condition.
Observers weighed an average of 86.16 g (SEM= 2.95) at the beginning of
ethanol operant self-administration (PD 30). Ethanol observers weighed 83.82 g (SEM=
4.53) and controls weighed 88.55 g (SEM = 3.87) at this time, with no significant
differences found between the two groups with an independent samples t-test, 1(18) =
0.79, ns. Male (M= 89.51, SEM= 5.03) and female observers (M= 82.87, SEM = 2.30)
also did not differ significantly in terms of weight at the start of ethanol testing according
to results obtained with an independent samples t-test, t(\S) = 1.13, ns.
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Animals required 4 to 10 30-minute water training sessions (M= 5.6, SEM= 0.4)
to reach the criteria for consistent lever pressing (a minimum of four water training
sessions, two consecutive sessions pressing above 100). There were no significant
differences in the number of training sessions required to reach criteria between the two
conditions [f( 18) = 0.76, ns], or between males and females [/( 18) = 0.67, ns]. On the last
day o f water training, animals were producing between 199-799 lever presses (M= 387.6,
SEM= 33.1). Animals in the water group produced on average 80 more lever responses
(M= 418.6, SEM = 56.2) than animals in the ethanol group (M= 338.6, SEM= 33.5) on
the last day of water training, but an independent samples t-test did not yield any
significant differences between groups, /(18) = -1.22, ns. However, animals in the control
group continued to produce more responses overall throughout testing (Figure 6). The
subjects in this experiment also made fewer lever responses overall in comparison with
subjects in Experiment 2a (see Figures 4-6). Females tended to produce slightly more
lever responses than males during training and ethanol testing, and the difference was
most pronounced during training with ethanol on FR5, with females producing a mean of
351.8 responses (SEM= 77.4) and males producing 197.3 (SEM= 68.5). However,
analyses failed to uncover significant differences between males and females in terms of
total responses made on the last day of water training and during subsequent ethanol
training sessions, F(l,17) = 1.83, ns.
As animals transitioned from pressing levers for water to pressing levers for
ethanol, the mean response rate decreased by 148.4 (SEM= 36.2) lever presses, with no
significant differences in mean response decrease observed between groups |7(18) = 0.44,
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ns] or males and females [7(18) = -1.17, ns]. Although animals produced fewer responses
during 30-minute sessions overall than the animals in the previous experiment, they
maintained a high response rate for ethanol in both conditions (refer to Figure 6).
Differences in the total amount o f lever pressing for water and ethanol during the FR1
sessions were analyzed using a 2 (exposure condition) x 4 (day: water, three days of
ethanol) mixed ANOVA. The analysis yielded a significant main effect of day [F(3, 54) =
7.59,/? < .0001] and exposure [F(l, 18) = 5.06,/? = .037]. However, as mentioned
previously, controls produced more lever responses on the last day of water training and
tended to produce more responses overall, so we performed an analysis of covariance
(ANCOVA) on the FR1 data with responding on the last day of water training as a
covariate. We found no main effect of day [F(2, 34) = 0.18, ns] no main effect of
exposure [F( 1, 17) = 3.23, ns], and no significant interaction between day and exposure
[F{2, 34) = 2.54, ns]. Lastly, no significant differences in lever pressing were found
between groups during the FR3 and FR5 sessions, with ^(18) = -1.21, ns and t( \l) = 0.62, ns, respectively.
Discussion
Animals had extremely low weights during the operant phase of the experiment in
comparison to the adolescent animals from the preceding two experiments. However,
based on the weights of their siblings (the demonstrators) during the first phase of the
experiment, it can be assumed that they started out with normal weights. These animals
acquired the lever response as quickly as the animals in Experiment 2a. A comparison of
Figure 5 and the first three days of ethanol training in Figure 6 show that we were able to
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decrease overall lever responding relative to animals in Experiment 2a, which may have
been the result of either the increased ethanol concentration or the modified water
restriction schedule. Although animals emitted fewer responses during 30-minute training
sessions overall, the response rate is still extremely high in comparison with the response
rate observed in Tolliver and Samson (1991). Previous exposure to ethanol odor did not
seem to affect lever-pressing for ethanol. In point of fact, the findings suggested a reverse
effect, with controls pressing for ethanol at significantly higher rates than ethanol
observers during the first two sessions on FR1. However, the control group emitted more
responses overall, which makes the obtained significant result difficult to interpret.
General Discussion
Although our findings provide support for the role of early ethanol exposure in
one type of ethanol self-administration (two-bottle choice test), they do not provide
support for its role in operant ethanol self-administration. It has been suggested that this
type of early exposure promotes later ethanol intake by altering responsivity to the
substance’s pharmacological effects during consumption (Fernandez-Vidal & Molina,
2004). However, it is possible that the training and testing circumstances in Experiments
2a and 2b were not sufficient to detect this change in sensitivity to ethanol’s reinforcing
properties (Molina, Ponce, Truxell, & Spear, 2006). Also, as proposed earlier, the operant
self-administration procedure may not be affected by ethanol’s postabsorbtive effects to
the same degree as a home cage drinking preference test (Cunningham, Fidler, & Hill,
2000) because in the former test, intake was distributed over 60 minutes and ethanol was
dispensed in very small amounts. Although we did not observe the actual pattern of
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drinking during the two-bottle test in Experiment 1, animals were free to imbibe any
amount of ethanol at any time during the 24-hour preference test and may have had a few
bouts of intoxication rather than drinking steadily. In contrast, although animals in
Experiment 2a also ingested a relatively high dose of ethanol, they may not have reached
intoxication during the 60 min session.
Future research can further elucidate this issue by examining intake patterns
during self-administration. According to Cunningham, Fidler, and Hill (2000),
information about the frequency and temporal distribution of drinks, as well as the
volume consumed during each bout, may be more informative than recording only the
total amount of alcohol ingested if researchers want to focus on ethanol’s
pharmacological effects as the source of intake motivation. Furthermore, it would also be
possible to strengthen the argument that preweanling exposure to ethanol odor impacts
responsivity to these effects by obtaining data on blood ethanol levels that confirms any
behavioral and physiological effects. There are also nonpharmacological variables that
should be taken into account, such as taste, palatability, and the caloric value of ethanol,
which may influence ethanol self-administration. Although food deprivation was not used
in the present series of experiments, it is possible that animals’ caloric needs were not
entirely met, as animals were underweight in Experiment 2b. Because they were water
deprived, it is possible that they ate less food, which may have motivated their ethanol
intake during training and therefore, complicates the interpretation of our results.
Additionally, it may be possible to enhance the sensitivity of the paradigm
utilized in Experiments 2a and 2b by including an extinction phase after initial operant
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training with ethanol and assessing the lever response during this phase. Perhaps animals
previously exposed to ethanol in the home cage would respond differently to withdrawal
from ethanol and therefore show less resistance to extinction than animals with no such
prior exposure. Similarly, increasing the concentration of ethanol even further may help
differentiate the two groups of animals. According to Koros et al. (1999), alcohol
preferring rats drink more ethanol than ethanol-avoiding rats in an operant self
administration task when ethanol concentrations are set to at least 15%. Furthermore, it
would be interesting to test other strains of animals, particularly ethanol preferring and
non-preferring rats in order to examine how this type of early exposure interacts with the
genetic predisposition to avoid or prefer ethanol in order to produce ethanol seeking.
As mentioned earlier, the longest period of retention previously documented for
the social transmission of ethanol preferences effect was a 6-day interval between the last
ethanol odor exposure and the start of intake testing (Hunt et al., 2000). In Experiment 1,
we were able to demonstrate that this period can be extended to 18-days post exposure,
and it could be argued that it would be possible to observe a longer interval that extends
past adolescence and into adulthood. Galef (1989) found that 42-day-old observer rats
that interacted with a single demonstrator for 30 minutes every 2 or 3 days exhibited an
enhanced preference for the demonstrator’s diet for up to 1 month. If the social
transmission of ethanol preferences functions like the social transmission of diet
preferences, it should be possible to examine a similarly lasting impact on ethanol intake
in animals previously exposed to ethanol odor.
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Thus, we put forth the argument that there is considerable continuity in the
socially-mediated learning effect and surmise that its strength is equally enduring. In
Experiment 1, our ethanol observers exhibited more than a twofold increase in ethanol
self-administration relative to water observers, although a substantial amount of time had
elapsed between exposure and intake. In Hunt et al.’s (2000) similar study, preweanling
rats showed a 56% increase in voluntary ethanol intake in comparison with controls, as
indicated by % BWG during a 5-minute intra-oral infusion performed 24 hours after the
last exposure. Interestingly, animals from the same study that were tested 6 days after
social interaction in a similar manner continued to exhibit a stronger preference for
ethanol than controls, as evidenced by an almost threefold increase in % BWG.
Therefore, the strength of influence of a relatively short period of exposure may not be
easily attenuated solely by the passage of time and is sufficient to alter drinking behavior
in young rats.
The requisite feature of this observed phenomenon is inherent in the affiliative
behavior that is experienced in conjunction with olfactory cues present on the breath of
the demonstrator animals. Since these cues are encountered in a socially rewarding
context (Nelson & Panksepp, 1998), it is possible that the acquisition of this positive
response to ethanol can be explained by Pavlovian conditioning. Therefore, we propose
that the socially mediated ethanol odor cues serve as a conditioned stimulus that is
associated with an appetitive unconditioned stimulus (rewarding social context), leading
to a conditioned preference for the drug. Accordingly, infant rats, though not fully
developed, demonstrate the capacity to associate ethanol scent with events experienced in
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the social home environment and remember this association after a relatively short-term
exposure sufficiently well to respond selectively to the substance’s motivational qualities
later in development (Molina et al., 1995; Spear & Molina, 2001). Hence, the present
research extends findings from human and animal studies in which it was shown that
ethanol’s chemical properties, detected in amniotic fluid by the fetus, allow for the
formation of specific memories related to ethanol (Molina et al., 1995; Chotro, Kraebel,
McKinzie, Molina, & Spear, 1996; Faas et al., 2000). We have demonstrated that this can
also be achieved postnatally through indirect exposure to ethanol’s chemosensory
properties in the external environment.
It is important to note that mere familiarity with or exposure to odor cues in the
absence of social interaction is not sufficient to produce the observer-demonstrator effect
in rats (Galef & Wigmore, 1983). Fernandez-Vidal and Molina (2004) provided further
support for this argument with a series of odor preference experiments in which
adolescent animals were first exposed to ethanol olfactory cues in one of several different
ways and then evaluated in a two-way odor location test for nose-poking behavior in
response to an ethanol- or vanilla- scented cotton ball. It was found that rats that were
exposed to the cues through interaction with an intoxicated demonstrator spent more time
investigating the ethanol-scented side of the apparatus than controls. However, animals
that were exposed to an ethanol-scented cotton surrogate or an anesthetized unresponsive
intoxicated peer did not exhibit the same preference for ethanol odor, suggesting that
sensory exposure alone does not in itself predispose adolescent rats to a heightened
preference for ethanol. By agreement, our research extends these findings and reinforces
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the hypothesis that the most critical component of social learning about ethanol in rats,
though it may not be necessary for the social transmission of diet patterns (Galef &
Wigmore, 1983), is the active and reciprocated physical interaction with a conspecific.
The above explanation of our demonstrated effect as a conditioned preference for
ethanol odor highlights the importance of the affective content of the memory established
during social contact with an intoxicated peer. However, it does not fully account for the
underlying mechanisms behind the subsequently observed modification in drinking
behavior. How does the emotional valence of the memory created during the observerdemonstrator interaction phase influence the observer’s response to ethanol during later
consumption? Although social interaction is inherently reinforcing to young animals
(Nelson & Panksepp, 1998), ethanol has been found to impact the quality of interaction
between observers and intoxicated demonstrators. While higher doses result in inhibited
physical contact, lower doses have been found to enhance social activity (Varlinskaya,
Spear, & Spear, 2001). The demonstrators in the present study were administered a
moderate dose that should not have negatively impacted their ability to physically engage
with the observers. Hence, as far as we can infer, observers’ memories formed during this
stage should not have been negatively biased by social withdrawal. However, beyond this
assumption, it is difficult to qualify the emotive content that was encoded alongside
ethanol-related sensory information during the first phase of the experiment.
Ethanol is both an aversive and reinforcing stimulus. Its divergent
pharmacological effects have important implications for interpreting the experimental
animals’ increased ethanol intake in the evaluation phase of the current study. It is not yet

EFFECTS OF SOCIALLY MEDIATED ETHANOL EXPOSURE

36

clear whether early ethanol odor exposure predisposed the observers in the ethanol group
to respond more positively to the drug’s mild euphoric properties, or whether it
predisposed them to respond less negatively to its unpleasant consequences. However,
the results do suggest that the indirect perception of ethanol-related cues somehow alters
the developing nervous system’s sensitivity to the drug and systematically biases the
organism toward its preference (Fernandez-Vidal & Molina, 2004). Future research is
required to disentangle the relationship between ethanol’s hedonic and aversive attributes
and the acquired preference for its consumption.
More broadly, our findings strengthen the argument that social factors play a
significant role in an individual’s initial experimentation with alcohol and emphasize the
importance of using a social approach to investigate the nuances of this relationship. It
seems plausible that an alteration in sensitivity to and the resulting affinity for alcohol
early in life could set the stage for problematic alcohol use that eventually escalates into a
harmful cycle of excessive drinking. Children’s vulnerability to such an outcome can be
exacerbated by circumstances of the home environment. According to a widely cited
study based on the National Longitudinal Epidemiological Survey from 1992, about 25%
of US children under the age of 17 witness family alcohol abuse or addiction, and 10% of
children under the age of 12 are exposed to alcoholism in the home (Grant, 2000). These
children are also more likely to have alcohol-related problems later in life. Perhaps an
early awareness of alcohol contributes to this risk, particularly when ethanol-related cues
are a given constant of the home environment. Not surprisingly, research has shown that
preschoolers’ ability to correctly identify alcohol beverages by odor, and their liking of
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this odor, was related to parents’ degree of alcohol use and reasons for drinking (Noll,
Zucker & Greenberg, 1990; Mennella & Forestell, 2008).
While it is difficult to extrapolate from animal data to predictions about human
behavior, this experiment modeled ethanol drinking patterns as a function o f sociallymediated ethanol odor cues, providing a window into the complex relationship between
social factors and ethanol initiation. Moreover, our findings are consistent with human
research that shows that sensory information can be retained from early experiences with
alcohol odor, and that it can influence the preference for alcohol in infants and children
(Faas et al., 2000; Mennella & Beauchamp, 1998). Whether such experiences impact
problematic consumption at later junctures in development remains to be fully
investigated. Therefore, it is important to continue examining the association between
indirect reinforcing properties of alcohol and the susceptibility to experimenting with the
drug during adolescence.
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Author Notes
1 - Ethanol is the chemical of interest in alcoholic beverages. Research with human
participants tends to use the term alcohol to refer to alcoholic beverages that contain
ethanol in addition to flavor additives. When using non-human animals as subjects, the
term ethanol is used to denote the fact that the chemical is typically administered without
flavor additives. Rather than switching between these terms, the author has chosen to use
the term ethanol when referencing the drug, whether related to human drinking behavior
or animal experiments.
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Table 1
Demonstrator Mean Weights Calculated During the Intragastric Intubation
Procedure in Experiment 1

Condition
Ethanol (n = 24)

Water (n = 20)

PD8
23.81
(0.56)

22.81
(0.92)
Note. PD = postnatal day.

Mean Weight (g)
PD9
PD10
26.41
28.48
(0.57)
(0.63)
25.59
(0.99)

27.79
(1.06)

(SEM)
PD11
30.97
(0.58)

PD12
33.17
(0.62)

30.25
(1.15)

32.99
(1.24)
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Table 2
Demonstrator Mean Weights Calculated During the Intragastric Intubation
Procedure in Experiment 2a

Condition
Ethanol (n = 20)

Water (n = 20)

PD8
23.88
(0.67)

22.81
(0.92)
Note. PD = postnatal day.

Mean Weight (g)
PD9
PD10
26.36
28.31
(0.68)
(0.75)
25.59
(0.99)

27.79
(1.06)

(SEM)
PD11
30.81
(0.69)

PD12
32.90
(0.73)

30.25
(1.15)

32.99
(1.24)

EFFECTS OF SOCIALLY MEDIATED ETHANOL EXPOSURE

Table 3
Demonstrator Mean Weights Calculated During the Intragastric Intubation
Procedure in Experiment 2b

Condition
Ethanol (n = 20)

PD8
23.29
(0.99)

22.02
(0.54)
Note. PD = postnatal day.
Water (n = 23)

Mean Weight (g)
PD9
PD10
25.59
27.95
(0.93)
(1.01)
24.29
(0.62)

26.91
(0.60)

(SEM)
PD11
30.09
(0.93)

PD12
32.80
(0.94)

29.39
(0.69)

31.69
(0.75)
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Table 4
Lever Pressing (FR1) and Ethanol Intake by Male and Female Observers
in Experiment 2a
Mean Lever Press
Response
Day 1
1st 30 mins
2nd 30 mins
60 mins

Male
(71 = 8)
439.9
134.0
573.9

Day 2

1st 30 mins
2nd 30 mins
60 mins

Day 3

1st 30 mins
2nd 30 mins
60 mins

Ethanol Volume (ml)
Day 1
Day 2
Day 3

SEM
26.5
45.4
62.7

Female
(71= 10)
382.9
84.7
467.6

SEM
34.5
18.1
37.2

447.9
78.4
527.7

21.86
20.5
36.1

378.8
62.0
440.8

40.73
15.4
45.7

1.39
0.65
1.39

0.18
0.52
0.19

441.3
118.6
559.9

18.9
33.1
45.7

366.3
95.0
461.3

40.1
21.6
56.3

1.47*
0.62*
1.27*

0.16
0.54
0.22

7.38
6.00
6.57

0.63
0.82
0.81

5.90
4.60
5.80

0.94
0.45
0.47

1.24
1.57
0.88*

0.23
0.14
0.39

Ethanol Dose (g/kg)
0.33
0.44
Day 1
3.10
2.71
Day 2
0.30
2.12
0.23
2.48
0.29
Day 3
2.73
2.66
0.19
Note. SE M = standard error of the mean; df = degrees of freedom.

7-value,
df= 16 />-value
1.26
0.23
1.09
0.29
1.53
0.15

0.68
0.51
0.34
0.98
0.82
0.23*
* means df = 15.
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Figure Captions

Figure 1. Mean (±SEM) percentage of ethanol (6% v/v) consumed relative to total fluid
intake by ethanol observers (received 1.5g/kg dose of 12% v/v ethanol) and controls
(received water administration) in Experiment 1 during a 24-hour two-bottle preference
test. Vertical lines indicate plus one standard error of the mean.

Figure 2. Mean (±SEM) volume of ethanol (6% v/v) and water consumed (in ml) by
ethanol observers (received 1.5 g/kg dose of 12% v/v ethanol) and controls (received
water administration) in Experiment 1 during a 24-hour two-bottle preference test.
Vertical lines indicate plus one standard error of the mean.

Figure 3. Mean (±SEM) number of lever responses produced by ethanol observers
(received 1.5 g/kg dose of 12% v/v ethanol) and controls (received water administration)
in Experiment 2a during 60-minute operant training sessions with water and ethanol (6%
v/v). An FR1 reinforcement schedule was used during training. Vertical lines indicate
plus one standard error of the mean.

Figure 4. Mean (± SEM) number of lever responses produced by ethanol observers
(received 1.5 g/kg dose of 12% v/v ethanol) and controls (received water administration)
in Experiment 2a during 30-minute operant training sessions with ethanol (6% v/v). Two
consecutive 30-minute operant training sessions were administered per day. An FR1
reinforcement schedule was used during training. Vertical lines indicate plus one standard
error of the mean.
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Figure 5. Mean (±SEM) number of lever responses produced by ethanol observers
(received 1.5 g/kg dose of 12% v/v ethanol) and controls (received water administration)
in Experiment 2a during the first 30-minute operant training session with ethanol (6%
v/v) o f each day of training. An FR1 reinforcement schedule was used during training.
Vertical lines indicate plus one standard error of the mean.

Figure 6. Mean (±SEM) number of lever responses produced by ethanol observers
(received 1.5 g/kg dose of 12% v/v ethanol) and controls (received water administration)
in Experiment 2b during 30-minute operant training sessions with water and ethanol
(10% v/v). The reinforcement schedule was increased from FR1 to FR3 and FR5 on the
fourth and fifth day of training, respectively. Vertical lines indicate plus one standard
error of the mean.
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700
600
500
400
300

■Ethanol Observers

200

■Controls

100
0
Water

ETOH Day 1

ETOH Day 2

ETOH Day 3

Training Type (60-m inute sessions, FR1)

EFFECTS OF SOCIALLY MEDIATED ETHANOL EXPOSURE

55

Mean Number of Lever Presses

Figure 4
700
600
500
400
300

•Ethanol Observers

200

•Controls

100
0
Day 1

Day 2

Day 3

Training (1st 30-m inute sessions, FR1)

EFFECTS OF SOCIALLY MEDIATED ETHANOL EXPOSURE

56

Mean Number of Lever Presses

Figure 5
700
600
500
400
300

200

•Ethanol Observers

100

•Controls

0
1st 30
mins

2nd 30
mins

Day 1

1st 30
mins

2nd 30
mins

Day 2

Training (FR1)

1st 30
mins

2nd 30
mins

Day 3

EFFECTS OF SOCIALLY MEDIATED ETHANOL EXPOSURE

57

Mean Number of Lever Presses

Figure 6
700
600
500
400
300
•Ethanol Observers

200

•Controls

100

0
Water ETOH Day ETOH Day ETOH Day ETOH Day ETOH Day
Last Day 1 (FR1)
2 (FR1)
3 (FR1)
4 (FR3)
5 (FR5)
(FR1)

Training Type (30-m inute sessions)

